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57 ABSTRACT 

The molecular cloning and expression of biologically active 
ribosome-inactivating protein bryodin l are described. A 
complete amino acid and oligonucleotide sequence encod 
ing bryodin are also described. Further, plasmids, expres 
sion vectors comprising a nucleotide sequence encoding 
bryodin 1 and transformed host cells are described. Isolation 
and characterization of the nucleotide sequence for bryodin 
1 enables the recombinant production of large amount of 
bryodin 1 for use in vitro or in vivo directly or as ligand/ 
toxin conjugates or fusion proteins. These compositions can 
be used to selectively kill undesired cells such as cancer 
cells, infected cells, bacteria. 

11 Claims, 9 Drawing Sheets 
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CLONING AND EXPRESSION OF A GENE 
ENCODING BRYODIN 1. FROM BRYONIA 

DIOICA 

FIELD OF THE INVENTION 

The present invention relates to the isolation and charac 
terization of an oligonucleotide sequence encoding a ribo 
some-inactivating protein from the plant Bryonia dioica. 
The invention also relates to expression vectors comprising 
the purified oligonucleotide sequence operatively linked 
with appropriate transcriptional and translational control 
sequences, transformed host cells and a recombinantly 
expressed ribosome-inactivating protein. Use of purified 
oligonucleotides encoding the ribosome-inactivating protein 
for the expression of a ribosome-inactivating protein (RIP) 
and in the construction of fusion proteins is also considered 
part of the present invention. 

BACKGROUND OF THE INVENTION 

Proteins which inhibit protein synthesis have been iso 
lated from various organisms including plants, bacteria and 
fungi. These protein toxins are thought to be produced by the 
organisms in order to provide a selective advantage for the 
growth of the organisms that produce them. Despite the 
divergent evolutionary background of the organisms in 
which these protein toxins are found, most toxins have 
strikingly similar mechanisms of action. One particular 
group of toxins exerts its action by blocking protein syn 
thesis either by directly modifying elongation factor 2 
(EF-2) or by modifying the ribosome itself so that EF-2 
cannot function in protein synthesis. This class of toxins, 
ribosome-inactivating proteins (RIPs), can be isolated from 
plants of several families. 

Plant ribosome-inactivating proteins have been divided 
into two groups based on their structure. Type I ribosome 
inactivating proteins (type I RIPs) contain a single chain that 
has ribosome-inactivating activity. Examples of type I RIPs 
include gelonin, saporin, trichosanthin and bryodin. Type II 
ribosome-inactivating proteins (type II RIPs) are comprised 
of two chains, an A chain that is able to inactivate EF-2, and 
a B chain, that contains a cell binding domain having 
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N-terminal amino acid sequences of RIPs isolated from the 
seeds of Gelonium multiflorum (Euphorbiaceae), 
Momordica charantia (Cucurbitaceae), Bryonia dioica 
(Cucurbitaceac), Saponaria officinalis (saporin-5a, saporin 
5b, saporin-6a, saporin-6b) (Cariophyllaeeae) and from the 
leaves of Saponaria officinalis (saporin-1). Complete amino 
acid sequences have been determined for a Type I RIP from 
Trichosanthes kirilowii maxim and from Barley seed protein 
synthesis inhibitor. These comparisons show that at least the 
N-terminal regions of the toxins bryodin and momordin 
(members of the Curcurbitaceae family) show a high level of 
similarity with ricin A chain and with gelonin which are 
members of the Euphorbiaceae family. The similarity is 
thought to be a consequence of a similar evolutionary origin. 
Very little similarity was found between RIPs of the Cucur 
bitaceae and Euphorbiaceae families and those of the Phy 
tolaccaceae or Cariophyllaceae families (Montecucchi et al., 
1989, Int, J. Peptide Protein Res. 33:263-267). Although 
similarities are found in the amino acid sequences of the 
N-terminal regions of RIPs isolated from the same species, 
many differences do exist particularly between toxins iso 
lated from different tissue of the same plant. 
A plant protein toxin designated bryodin was initially 

identified as a 27-30 kDa protein isolated from the root of 
Bryonia dioica (United Kingdom Patent Application 
GB2194948, published Mar. 23, 1988). The toxin is a type 
ribosome-inactivating protein having a single chain and a 

mechanism of action which inactivates ribosomes by block 
ing productive interactions with elongation factor-2. In not 
having a cell binding domain, bryodin, like the other type I 
RIPs, does not normally bind to mammalian cells. The 
protein has been shown to have a molecular weight by gel 
filtration of about 27,300 daltons and about 28,800 daltons 
by polyacrylamide gel electrophoresis, and an isoelectric 
point of 9.5. This toxin was found to inhibit protein synthesis 
in the rabbit reticulocyte lysate system with wheat germ 
ribosomes at 3.6 ng/ml (IDs) and an LDso in mice of 14.5 
mg/kg when administered intraperitoneally. A complete 
nucleotide sequence has not been determined for bryodin 1 
and only a partial N-terminal amino acid sequence has been 
obtained. The N-terminal amino acid sequence has been 
determined to be 

10 15 
Asp-Val-Ser-Phe-Arg-Leu-Ser-Gly-Ala-Thr-Thr-Thr-Ser-Tyr-Gly-Val 

20 25 30 
Phe-Ile-Lys-Asn-Leu-Arg-Glu-Ala-Leu-Pro-Tyr-Glu-Arg-Lys-Val-Tyr 

35 
Asn-Ile-Pro-Leu-Leu-Leu-Arg-His-Xxx-Ile-Gly 

lectin-like properties. The binding domain enables type II 
RIPs to bind many cell types and to kill those cells. 
Examples of type II RIPs are ricin and abrin. 

Although the two types of ribosome-inactivating proteins 
differ in their structures, both types inhibit protein synthesis 
by inactivating the 60S subunit of eukaryotic ribosomes 
through cleavage of the N-glycosidic bond of the adenine 
residue at position 4324 of 28S rRNA (Endo and Tsurugi 
1987, J. Biol. Chem. 262:8128-8130; Stirpe, F. et al. 1988, 
Nucl. Acid Res. 16:1349-1357). 

Ribosome-inactivating proteins have been isolated from 
several families of plants including the Cariophyllaceae, 
Cucurbitaceae, Euphorbiateac and Phytolaccaceae. The tox 
ins have becn isolated particularly from the root, seeds and 
leaves of the plants. Comparisons have been made of the 
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(Seq. I.D. #2) 

A second ribosome-inactivating protein has been isolated 
from the leaves of B. dioica (European Patent Publication 
EPO 390 040, published Oct. 3, 1990). This molecule has 
been described as having a molecular weight of 27.300 
daltons by gel filtration and 28,800 daltons by polyacryla 
mide gel electrophoresis, and an isoelectric point of 9.5 and 
has been designated bryodin-L. This form of bryodin was 
found to inhibit protein synthesis in a rabbit reticulocyte 
lysate system with an ECso of 0.1 nM (3.6 ng/ml) and has 
an LDso in mice of 10 mg/kg when administered intraperi 
toneally. An amino acid analysis was also provided, but no 
amino acid sequence or nucleotide sequence for the mol 
ecules has been disclosed. 

Ribosome-inactivating proteins are of interest because of 
their usefulness as components of "immunotoxins.' Immu 
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notoxins are hybrid molecules consisting of a toxic moiety 
linked to an antibody capable of selectively directing the 
toxin to a specific target cell. Potential target cells include 
harmful cells, i.e., neoplastic, virally infected, immunocom 
petent or parasitic cells. Immunotoxins as defined in the 
present invention can be chemical conjugates of a cell 
specific ligand linked to a toxic molecule, such as a ribo 
some-inactivating protein. The fact that many different ribo 
some-inactivating proteins are known and that new toxins 
are being discovered provides a variety of toxic moieties 
which have varying levels of intrinsic toxicity on whole cells 
when unconjugated and provide an available source of 
alternative toxins should the patient develop an immune 
response during long term in vivo treatment to the originally 
administered immunotoxin. In addition, some immunotox 
ins, saporin 6 and an anti-Thy 1.1 antibody or its F(ab') 
fragment, were more toxic than free toxin providing a need 
for new and different toxin molecules. 
The present invention provides a purified oligonucleotide 

sequence encoding a plant protein toxin isolated from Bryo 
nia dioica. Also, the present invention provides expression 
vectors wherein the purified oligonucleotide sequence is 
operatively linked with host cells appropriate transcriptional 
and translational control sequences which, when used to 
transform the appropriate host cells, express large amounts 
of the plant protein toxin. Further, the oligonucleotide 
sequence can be used to construct oligonucleotide molecules 
which encode fusion molecules comprising the toxin and a 
ligand specific for a target cell. This immunoconjugate is 
toxic to the target cell and provides compositions useful for 
directed cell killing. 

SUMMARY OF THE INVENTION 
The complete nucleotide sequence encoding the ribo 

some-inactivating protein bryodin 1 (BD1) isolatcd from the 
plant Bryonia dioica is disclosed herein, and provides from 
the basis of the present invention. The invention includes 
embodiments which disclose a purified oligonucleotide 
which encodes bryodin 1. Also, embodiments are included 
which disclose plasmids which comprise the DNA sequence 
which encodes bryodin 1 and expression vectors which 
comprise the DNA sequence which encodes bryodin 1 
operatively linked with appropriate transcriptional control 
sequences and transformed host cells. 

Furthermore, the invention relates to methods of produc 
ing bryodin 1 by recombinant means. The recombinantly 
produced protein can be bryodin 1, fragments or derivatives 
of bryodin l having ribosome-inactivating activity and as 
fusion proteins. Fusion proteins can comprise a ligand 
specific for a particular cell type and a functional portion of 
bryodin 1 which are capable of specifically directing the 
bryodin l to the cell target. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 provides results of the absorbence reading from 
CM-Sepharose chromatography of protein isolated from the 
root of Bryonia dioica. 

FIG. 2 is the result of SDS-PAGE analysis of fractions 9 
through 15 from the CM-Sepharose chromatography sepa 
ration. Lane M contains molecular weight standards: oval 
bumin (43,000 mw), carbonic anhydrase (29,000 mw), 
B-lactoglobulin (18,000 mw), lysozyme (14,000 mw), 
bovine trypsin inhibitor (6,000 mw), and insulin (2,000 
mw). 
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4. 
FIG.3 is a chromatogram obtained from a TSK-3000 size 

exclusion column. Fractions containing the 29 kDa band 
were pooled from the CM-Sepharose chromatography sepa 
ration and concentrated to less than 8 ml. The concentrate 
was applied to the column and absorbence monitored at 280 
ill 

FIG. 4 illustrates the result obtained for SDS-PAGE 
analysis of fractions 58 through 64 from size exclusion 
chromatography of the partially purified bryodin. Lane M 
contains molecular weight standards: ovalbumin (43,000 
mw), carbonic anhydrase (29,000 mw), and B-lactoglobulin 
(18,000 mw). 

FIG. 5 is the DNA sequence encoding bryodin 1. The 
sequence is numbered starting with the 5' non-coding 
sequences from residues 1-290 and nucleotides 1-1094. 
Nucleotides 914-916 represent the stop codon and 
917-1094 are 3' non-coding sequences. The two underlined 
hexanucleotide sequences in the 3' non-coding region cor 
respond to polyadenylation signal found in two individual 
clones. The arrow at amino acid 24 corresponds to the start 
of the mature BD1 amino terminus. The arrows at amino 
acid residues 271 and 290 correspond to two forms of BD1 
(F2 and F1, respectively), encoding the putative mature 
protein (F2) and the entire pro-protein (F1). 

FIGS. 6A and 6B are schematic diagrams of BD1 expres 
sion plasmids pSE13.0 and pSE 14.0. 

FIGS. 7A, B and C are a CM-Sepharose chromatography 
profile (A), SDS-PAGE with Coomassie-blue staining (B), 
and Western blot using anti-BD1 polyclonal antibodies 
(rabbit) (C) of recombinant BD1F1 (amino acid residues 
24-290) which was denatured and refolded. Fractions on the 
chromatography profile correspond to fraction numbers on 
the gels. N=Native BD1. 

FIGS. 8A, B and C are the results of purification of 
recombinant BD1 F2 (amino acid residues 24-270) (A); 
CM-Sepharose chromatography profile (B); SDS-PAGE 
stained with Coomassie-Blue (C); and Western blot stained 
with anti-BD1 polyclonal antisera. N=Native BD1. 

FIG. 9 provides data for protein synthesis inhibition 
activity of recombinant BD1F1 and BD1 F2 versus native 
BD1 using an in vitro cell-free rabbit reticulocyte translation 
assay. Protein synthesis was measured as H-leucine incor 
poration of ribosome-inactivating protein treated and non 
treated translation products. 

DETAILED DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

The present invention relates to a substantially purified 
oligonucleotide which encodes the ribosome-inactivating 
protein bryodin 1 isolated from the plant Bryonia dioica or 
its complement. The oligonucleotide can be a cDNA, iso 
lated, purified genomic DNA, RNA, or antisense RNA. 
Plasmids and expression vectors which comprise at least an 
oligonucleotide which encodes bryodin 1, or biologically 
active fragments and derivatives thereof are also encom 
passed by the present invention. The oligonucleotide is 
operatively linked to a transcriptional and translational con 
trol sequence in the expression vectors of the present inven 
tion. Host cells transformed with the plasmids and expres 
sion vectors are also considered part of the present 
invention. The above compositions can be used for the 
recombinant expression of large amounts of bryodin 1 or 
biologically active fragments or derivatives by the trans 
formed host cells. 
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Bryodin l (BD1), a ribosome-inactivating protein, is 
isolated from the roots of Bryonia dioica. BD1 exhibits 
toxicity to cells similar to other plant ribosome-inactivating 
proteins, suggesting that it may be useful in the killing of 
cells, particularly if directed to a defined cell population by 
the ligand of a cell-specific molecule. Such ligands can 
include an antibody or a ligand of a cell-surface receptor 
(i.e., transferrin, heregulin, and others well known to the 
skilled artisan). BDl can also be used in the construction of 
conjugates or fusion molecules comprising the ligand of a 
cell-specific molecule and the toxin which would be useful 
in the treatment of a disease state. 

Purificd bryodin l has been detected as a single band of 
approximately 29,000 dalton molecular weight under both 
reducing and non-reducing conditions. A complete primary 
structure of BD1 described herein has been determined by 
cDNA cloning and determination of a putative amino acid 
sequence. Sequence analysis revealed that BD1 is a type I 
ribosome-inactivating protein having some similarity with, 
but distinct from, other ribosome-inactivating proteins of the 
Cucurbitaceac family including trichosanthin and O-momor 
charin (Montecucchi et al., 1989, Int, J. Peptide Protein Res. 
33:263-267). All of these proteins display certain common 
properties characteristic of type I ribosomeinactivating pro 
teins, such as being comprised of a single-peptide chain, a 
molecular weight of between 25 and 30 kDa and having an 
isoelectric point of approximately 9.0-10.0 (Stirpe and 
Barbieri, 1986, FEBS Lett, 196:1-8; Jimenez and Vasquez, 
D., 1985, Ann. Rev. Microbiol. 39:649-672). 
BDI can be produced by recombinant DNA techniques or 

chemical synthetic methods. To produce BD1 by recombi 
nant methods, messcnger RNA (mRNA) for the preparation 
of complementary DNA (cDNA) can be obtained from cell 
sources that produce BD1, whereas genomic sequences for 
BD1 can be obtained from any cells of Bryonia dioica 
regardless of tissue type. For example, roots of B. dioica can 
be utilized either as the source of the coding sequences for 
BD1 and/or to prepare cDNA or genomic libraries. Geneti 
cally-engineered microorganisms or cell lines transformed 
or transfected with total DNA or RNA from a source line can 
be used as a convenient source of DNA for screening. 

Either cDNA or genomic libraries can be prepared from 
DNA fragments generated using techniques well known in 
the art. The fragments which encode BD1 can be identified 
by screening the prepared libraries with a nucleotide probe 
which would encode an amino acid sequence homologous to 
a portion of the N-terminal BD1 amino acid sequence (Sec. 
ID#2). Although portions of the coding sequence may be 
utilized for cloning and expression, full length clones, i.e., 
those containing the entire coding region for BD1, may be 
preferable for expression. To these ends, techniques well 
known to those skilled in the art for the isolation of DNA, 
generation of appropriate fragments, by various methods, 
construction of clones and libraries, and screening recom 
binants can be used. See, for example, the techniques 
described in Sambrook et al., 1989, Molecular Cloning, A 
Laboratory Manual, 2nd Ed., Cold Spring Harbor Labora 
tory, N.Y. 
Due to the degeneracy of the nucleotide coding 

sequences, alternative DNA sequences which encode analo 
gous amino acid sequences for a BD1 gene can be used in 
the practice of the present invention for the cloning and 
expression of BD1. Such alterations include deletions, addi 
tions or substitutions of different nucleotide residues result 
ing in a sequence that encodes the same or a functionally 
equivalent gene product. The gene product may contain 
deletions, additions or substitutions of amino acid residues 
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6 
within the sequence, which result in a silent change thus 
producing a bioactive product. Bioactivity in this context is 
measured by the ability of the gene product to inhibit protein 
synthesis. 
Any amino acid substitutions can be made on the basis of 

similarity in polarity, charge, solubility, hydrophobicity/ 
hydrophilicity and/or the amphipathic nature of the residue 
involved. For example, negatively charged amino acids 
include aspartic and glutamic acid; positively charged amino 
acids include lysine and arginine; amino acids with 
uncharged polar head groups having similar hydrophilicity 
values include the following: leucine, isoleucine, valine; 
glycine, alanine; asparagine, glutamine; serine, threonine; 
phenylalanine, tyrosine. 

In order to express a biologically active bryodin 1, the 
nucleotide sequence encoding BD1, or a functionally 
equivalent nucleotide sequence, is inserted into an appro 
priate vector, i.e., a vector which contains the necessary 
elements for the transcription and translation of the inserted 
coding sequence. Modified versions of the BD1 sequence 
can be engineered to enhance stability, production, purifi 
cation, yield or toxicity of the expressed product. For 
example, the expression of a fusion protein or a cleavable 
fusion protein comprising BD1 and a heterologous protein 
can be engineered. Such a fusion protein can be designed so 
that the fusion protein can be readily isolated by affinity 
chromatography; e.g., by immobilization on a column spe 
cific for the heterologous protein. Where a cleavage site is 
engineered between the BD1 moiety and the heterologous 
protein, the BD1 protein can be released from the chromato 
graphic column by treatment with an appropriate enzyme or 
agent that disrupts the cleavage site (e.g., see Booth et al., 
1988, Immunol. Lett. 19:65-70; and Gardella et al., 1990, J. 
Biol. Chem. 265:15854-15859). 

Methods which are well known to those skilled in the art 
can be used to construct expression vectors containing a 
BD1 coding sequence and appropriate transcriptional/trans 
lational control signals. These methods include in vitro 
recombinant DNA techniques, synthetic techniques and in 
vivo recombination/genetic techniques. See, for example, 
the techniques described in Sambrook et al., 1989, Molecu 
lar Cloning: A Laboratory Manual, 2nd Ed., Cold Spring 
Harbor Laboratory, N.Y. 
A variety of host-expression systems can be utilized to 

express the BD1 coding sequence. These include, but are not 
limited to, microorganisms, such as bacteria transformed 
with a recombinant bacteriophage DNA, plasmid DNA or 
cosmid DNA expression vector containing the BD1 coding 
sequence; yeast transformed with recombinant yeast expres 
sion vectors containing the BD1 coding sequence; plant cell 
systems infected with recombinant virus expression vectors 
(e.g., cauliflower mosaic virus, CaMV; tobacco mosaic 
virus, TMV) or transformed with recombinant plasmid 
expression vectors, such as Tiplasmid, containing the BD1 
coding sequence. To use mammalian expression systems, 
the BD1 ribosome-inactivating activity would have to be 
blocked or masked until lysis of the host cell or secretion of 
BD1 into the culture medium to protect the host cell from the 
toxin effects of BD1 or a mutant host cell resistant to the 
bryodin must be used. 

Depending on the host/vector system utilized, any of a 
number of suitable transcription and translation elements 
including constitutive and inducible promoters, transcription 
enhancer elements, transcription terminators, etc., can be 
used in the expression vector (see, e.g., Bitter et al., 1987, 
Methods in Enzymol. 153:516-544). For example, when 
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cloning in bacterial systems, inducible promoters such as pl. 
of bacteriophage W.; plac, ptrp, ptac (ptrp-lac hybrid pro 
moter) and the like may be used. Promoters produced by 
recombinant DNA or synthetic techniques can also be used 
to provide for controlled and high level transcription of the 
inserted BD1 coding sequence. 

In bacterial systems, a number of expression vectors can 
be advantageously selected depending upon the use intended 
for the BD1 expressed. For example, when large quantities 
of BD1 are desired, vectors which direct the expression of 
high levels of protein product, possibly as a fusion with a 
hydrophobic signal sequence, which directs the expressed 
product into the periplasm of the bacteria or the culture 
medium where the protein product is readily purified may be 
desired. Certain fusion protein engineered with a specific 
cleavage site to aid in recovery of the BDI may also be 
desirable. Such vectors adaptable to such manipulation 
include, but are not limited to, the pET series of E. coli 
expression vectors (Studier et al., 1990, Methods in Enzy 
mol. 185:60-89). 

In yeast, a number of vectors containing constitutive or 
inducible promoters can be used. For a review, see Current 
Protocols in Molecular Biology, Vol. 2, 1988, ed. Ausubel et 
al., Greene Publish. Assoc. & Wiley Interscience, ch. 13; 
Grant et al., 1987, "Expression and Secretion Vectors for 
Yeast,” in Methods in Enzymol. 153:516-544; Glover, 1986, 
DNA Cloning, Vol. II, IRL Press, Wash., D.C., Ch. 3; and 
Bitter, 1987, "Heterologous Gene Expression in Yeast,” in 
Methods in Enzymol. 152:673–684. A constitutive yeast 
promoter such as ADH or Leu2 or an inducible promoter 
such as GAL can be used ("Cloning in Yeast,' ch. 3, R. 
Rothstein In: DNA Cloning, Vol. 11, A Practical Approach, 
Ed. D. M. Glover, 1986, IRL Press, Wash. D.C.). Alterna 
tively, vectors can be used which promote integration of 
foreign DNA sequences into the yeast chromosome. 

In cases where plant expression vectors are used, the 
expression of the BD1 coding sequence can be driven by a 
number of promoters. For example, viral promoters such as 
the 35S RNA and 19S RNA promoters of CaMV (Brisson et 
al., 1984, Nature 310:511-514), or the coat protein promoter 
to TMV (Takamatsu et al., 1987, EMBO J. 6:307-311) can 
be used. Alternatively, plant promoters such as the small 
subunit of RUBISCO (Coruzzi et al., 1984, EMBO J. 
3:1671-1680; Brogli et al., 1984, Science 224:838-843); or 
heat shock promoters, e.g., soybean hsp17.5-E or hsp17.3-B 
(Gurley et al., 1986, Mol. Cell. Biol. 6:559-565) can be 
used. These constructs can be introduced into plant cells 
using Tiplasmid, Riplasmid, plant viral vectors, direct DNA 
transformation, microinjection, electroporation and other 
techniques well known to the skilled artisan. See, for 
example, Weissbach & Weissbach, 1988, Methods for Plant 
Molecular Biology, Academic Press, New York, Section 
VIII, pp. 421–463; and Guerson & Corey, 1988, Plant 
Molecular Biology, 2d ed., Blackie, London, Ch. 7-9. 

Other expression systems such as insects and mammalian 
host cell systems are well known in the art, but would have 
to be modified or adapted to produce a toxic molecule. One 
potential approach to modification would be to isolate 
mutant insect or mammalian cell lines resistant to BD1, as 
mentioned above. 

In addition to producing bryodin 1 by recombinant DNA 
techniques, BD1 can also be produced in whole or in part by 
solid phase chemical synthetic techniques based on the 
determined amino acid sequence (see, Creighton, 1983, 
Protein Structures and Molecular Principles, W. H. Free 
man and Co., New York, pp. 50-60; Stewart and Young, 
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1984, Peptide Synthesis, 2d Ed., Pierce Chemical Co.). This 
approach may be particularly useful in generating segments 
or fragments of BD1 corresponding to one or more of its 
biologically active regions. 

In another aspect of the present invention, the expressed 
recombinant bryodin 1, or a functional equivalent, can be 
used with a ligand for a cell surface receptor to target the 
toxin to a specific cell population as a toxin-ligand conju 
gate. 
The skilled artisan understands the term “ligand" includes 

within its scope any molecule that specifically binds or 
reactively associates or complexes with a receptor or other 
receptive moiety associated with a given target cell popu 
lation. This cell-reactive molecule, or ligand, to which the 
toxin is linked via a linker in the conjugate, can be any 
molecule that binds to, complexes with or reacts with the 
cell population sought to be therapeutically or otherwise 
biologically affected. The cell-reactive molecule acts to 
deliver the toxin to the particular target cell population with 
which the ligand reacts. Such molecules include, but are not 
limited to, large molecular weight proteins (generally greater 
than 10,000 daltons) such as, for example, antibodies or 
adhesion molecules, smaller molecular weight proteins 
(generally, less than 10,000 daltons), polypeptides, or pep 
tide ligands, and non-peptidyl ligands. 
The non-immunoreactive protein, polypeptide, or peptide 

ligands which can be of use to form the conjugates of the 
present invention may include, but are not limited to, 
transferrin, epidermal growth factors, bombesin, gastrin, 
gastrin-releasing peptide, platelet-derived growth factor, 
IL-2, IL-6, or tumor growth factors, such as TGF-O, and 
TGF-B. Non-peptidyl ligands may include, for example, 
steroids, carbohydrates and lectins. 
The immunoreactive ligands comprise an antigen-recog 

nizing immunoglobulin (or antibody), or antigen-recogniz 
ing fragment thereof. Particularly preferred immunoglobu 
lins are those immunoglobulins which can recognize a 
tumor-associated antigen capable of internalization. As used, 
"immunoglobulin' may refer to any recognized class or 
subclass of immunoglobulin such as IgG, IgA, IgM, Ig) or 
IgE. Preferred are those immunoglobulins which are within 
the IgG class of immunoglobulins. The immunoglobulin can 
be derived from any species. Preferably, however, the immu 
noglobulin is one of human or murine origin. Further, the 
immunoglobulin may be polyclonal or monoclonal, prefer 
ably monoclonal. 
As noted, one skilled in the art will appreciate that the 

invention also encompasses the use of antigen recognizing 
immunoglobulin fragments. Such immunoglobulin frag 
ments include, for example, the Fab', F(ab'), Fv or Fab 
fragments, or other antigen recognizing immunoglobulin 
fragments. Such immunoglobulin fragments can be pre 
pared, for example, by proteolytic enzyme digestion, for 
example, by pepsin or papain digestion, reductive alkyla 
tion, or recombinant techniques. The materials and methods 
for preparing immunoglobulin fragments are well known to 
those skilled in the art. See generally, Parham, 1983, J. 
Immunol. 131:2895; Lamoye et al., 1983, J. Immunol. 
Methods 56:235; Parham, 1982, J. Immunol. Methods 
53:133 and Matthew et al., 1982, J. Immunol. Methods 
50:239. 
The immunoglobulin can also be "chimeric' as that term 

is recognized in the art. Also, the immunoglobulin can be a 
“bifunctional' or "hybrid' antibody, that is, an antibody 
which may have one "arm" having a specificity for one 
antigenic site, such as a tumor-associated antigen, while the 
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other arm recognizes a different target, for example, a 
second cell type-specific receptor molecule. In any case, the 
hybrid antibodies have a dual specificity, preferably with one 
or more binding sites specific for a target antigen, for 
example, an antigen associated with a tumor, an infectious 
organism, or other disease state. 

Bifunctional antibodies are described, for example, in 
European Patent Publication EPA 0 105 360. Such hybrid or 
bifunctional antibodies may be derived, as noted, either 
biologically by cell fusion techniques, or chemically, espe 
cially with cross-linking agents or disulfide bridge-forming 
reagents, and may be comprised of whole antibodies and/or 
fragments thereof. Mcthods for obtaining such hybrid anti 
bodies are disclosed, for example, in PCT application 
WO83/03699, published Oct. 27, 1983, and European Patent 
Publication, EPA 0217 577, published Apr. 8, 1987, both of 
which are incorporated herein by reference. 

In addition, the immunoglobulin may be a single chain 
antibody ("SCA"). These can consist of single chain Fv 
fragments ("scFv") (Ward et al., 1989, Nature 341:544) in 
which the variable light (“V,') and variable heavy ("V') 
domains are linked by a peptide bridge or by disulfide bonds. 
Also, the immunoglobulin may consist of single V domains 
(dAbs) which possess antigen-binding activity. See, e.g., 
Winter and Milstein, 1991, Nature 349:295 and Glockshaber 
et al., 1990, Biochemistry 29:1362. Additionally, the immu 
noglobulin may consist of disulfide-stabilized Fvs (Brink 
man et al., 1993, Proc. Natl. Acad Sci. 90:7538. 
A preferred embodiment of an immunological ligand as 

part of a ligand/toxin conjugate for use in the present 
invention is a chimeric monoclonal antibody, preferably 
those chimeric antibodies which have a specificity toward a 
tumor-associated antigen. As used herein, the term “chi 
mericantibody” refers to a monoclonal antibody comprising 
a variable region, i.e., binding region, from one source or 
species and at least a portion of a constant region derived 
from a different source or species, usually prepared by 
recombinant DNA techniques. Chimeric antibodies con 
prising a murine variable region and a human constant 
region are especially preferred in certain applications of the 
present invention, particularly human therapy. Such murine/ 
human chimeric antibodies are the product of expressed 
immunoglobulin genes comprising DNA segments encoding 
murine immunoglobulin variable regions and DNA seg 
ments encoding human immunoglobulin constant regions. 
Other forms of "chimeric antibodies' encompassed by the 
present invention are those in which the class or subclass has 
been modified or changed from that of the original antibody. 
Such "chimeric' antibodies are also referred to as "class 
switched antibodies.” Methods for producing chimeric anti 
bodies involve conventional recombinant DNA and gene 
transfection techniques now well known in the art. See, e.g., 
Morrison et al., 1984, Proc. Natl. Acad. Sci., USA 81:6851; 
U.S. Pat. No. 5,202,238, and U.S. Pat. No. 5,204.244. 

Encompassed by the term "chimeric antibody” is the 
concept of "humanized antibody,' that is, those antibodies in 
which the flamework or "complementarity determining 
regions” (CDR) have been modified to comprise the CDR of 
an immunoglobulin of different specificity as compared to 
that of the parent immunoglobulin. In a preferred embodi 
ment, a murine CDR is grafted into the framework region of 
a human antibody to prepare the "humanized antibody.” See, 
c.g., Ricchmann et al., 1988, Nature 332:323; and Neuberer 
et al., 1985, Nature 314:268. Particularly preferred CDRs 
correspond to those representing sequences recognizing the 
antigens noted above for chimeric and bifunctional antibod 

S. 

O 

5. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
One skilled in the art will recognize that a bifunctional 

chimeric antibody can be prepared which would have the 
benefits of lower immunogenicity of the chimeric or human 
ized antibody, as well as the flexibility, especially for thera 
peutic uses, of the bifunctional antibody described above. 
Such bifunctional-chimeric antibodies can be synthesized, 
for instance, by chemical synthesis using cross-linking 
agents and/or recombinant methods of the type described 
above. In any event, the present invention should not be 
construed as limited in scope by any particular method of 
production of an antibody whether bifunctional, chimeric, 
bifunctional-chimeric, humanized or an antigen-recognizing 
fragment or derivative thereof. 

Further, as noted above, the immunoglobulin, or fragment 
thereof, used in the present invention may be polyclonal or 
monoclonal in nature. Monoclonal antibodies are the pre 
ferred immunoglobulins, however. The preparation of such 
polyclonal or monoclonal antibodies now is well know to 
those skilled in the art who are fully capable of producing 
useful immunoglobulins which can be used in the present 
invention. See, e.g., Kohler and Milstein, 1975, Nature 
256:495. In addition, hybridiomas and/or monoclonal anti 
bodies which are produced by such hybridomas and which 
are useful in the practice of the present invention are 
publicly available from such sources as the American Type 
Culture Collection (ATCC), 12301 Parklawn Drive, Rock 
ville, Md. 20852, or commercially, for example, from Boe 
hiringer-Mannheim Biochemicals, P.O. Box. 50816, India 
napolis, Ind. 46250. 
A particularly preferred monoclonal antibody of the 

present invention is one that binds a tumor-associated cell 
surface antigen and is capable of internalization. In a par 
ticular embodiment of the present invention, the toxin is 
conjugated to the chimeric antibody BR96 (“chiBR96”), 
disclosed in U.S. Ser. No. 07/544,246, filed Jun. 26, 1990, 
and which is equivalent to PCT Published Application, 
WO91/00295, published Jan. 10, 1991. ChiBR96 is an 
internalizing murine/human chimeric antibody and is reac 
tive with a fucosylated Lewis Yantigen expressed by human 
carcinoma cells, such as those derived from the breast, lung, 
colon, and ovarian carcinomas. The hybridoma expressing 
chimeric BR96 and identified as the chiBR96 was deposited 
on May 23, 1990 under the terms of the Budapest Treaty, 
with the American Type Culture Collection, and designated 
ATCC HB 10460. 

One of the preferred methods of making an immunotoxin 
of the present invention is by chemically conjugating the 
recombinant bryodin 1 toxin of the present invention with 
the ligand, preferably a monoclonal antibody or a fragment 
thereof, as described above. Many methods of chemical 
conjugation are well known to the skilled artisan. See, e.g., 
Vitetta et al., 1987, Science 238:1098: Pastan et al., 1986, 
Cell 47:641; and Thorpe et al., 1987, Cancer Res. 47:5924). 
These methods generally conjugate the toxin and the anti 
body by means of cross-linking agents that introduce a 
disulfide bond between the two proteins. Immunotoxins 
which have been prepared with nonreducible linkages have 
been shown to be consistently less cytotoxic than similar 
toxins cross-linked by disulfide bonds. 
One preferred method uses N-succinimidyl-3-(2-py 

ridyldithio)-propionate (SPDP) and 2-iminothiolane hydro 
chloride (2IT). Other preferred reagents are sodium S-4- 
succinimidyloxycarbonyl-O-methyl benzyl thiosulfate 
(SMBT) and 2IT or succinimidyloxy carbonyl-o-methyl 
O(2-pyridyldithio)-toluene and 2IT. Each group of reagents 
introduces a disulfide bond between the toxin and the 
antibody which is reducible, but the bond is also resistant to 
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breakdown providing stability of the conjugate in vitro and 
in vivo. Upon internalization into lysosomes or endosomes 
by the target cell, the bond is reduced and the toxin enters the 
cytoplasm, binds elongation factor 2, disrupting protein 
synthesis. 

Another preferred embodiment of the present invention is 
recombinant immunotoxins, particularly single-chain immu 
notoxins. These molecules have the advantage over toxin 
antibody conjugates (immunotoxins) in that they are more 
readily produced than the conjugates, and homogeneous 
populations of toxin molecules are generated, i.e., single 
peptide composed of the same amino acid residues. 
The techniques for cloning and expressing DNA 

sequences encoding the amino acid sequences correspond 
ing to a single chain derivative of a parental antibody are 
well known to the skilled artisan, as discussed above. The 
nucleotide sequence of bryodin 1 is provided by the present 
invention and various methods of constructing recombinant 
toxin fusion proteins are described in Pastan and Fitzgerald, 
1991, Science 254, 1173; Siegall et al., 1988, Proc. Natl. 
Acad. Sci. USA 85:9738; Batra et al., 1991, Mol. Cell Biol. 
11:2200, O'Hare et al., 1990, FEBS Lett. 273:200; Westby 
et al., 1992, Bioconj. Chem. 3:375. 
The recombinant ribosome-inactivating toxin, bryodin 1, 

of the present invention is useful for therapeutic applica 
tions, both in vitro and in vivo in its isolated form and as 
ligand-toxin conjugates and recombinant toxin fusion pro 
teins. Ribosome-inactivating proteins isolated from Cucur 
bitaceae plants have found use as, among others, abortifa 
cients, immunomodulators, anti-minor and anti-viral agents 
(Ng et al., 1992, Gen. Pharmac. 13:575-590) or as an 
anti-malarial agent (Amorim et al., 1991, Mem. Inst. 
Oswaldo Cruz 86:177). 
Recombinant bryodin 1 is particularly useful as a ligand 

toxin conjugate or a recombinant toxin fusion protein since 
BD1 is less toxic than many other protein toxins and 
ribosome-inactivating proteins that have been used to con 
struct immunotoxins and is particularly potent at inhibiting 
protein synthesis once inside the cell. Ligand-toxin conju 
gate and recombinant toxin fusion proteins can be used for 
either in vivo treatment of cells removed from the body or 
a patient to remove or kill a desired cell population prior to 
reinfusion of thc remaining cells back into the patient or 
directly administering the recombinant-toxin fusion into the 
patient. 

For ex vivo uses, cells, such as bone marrow, may be 
removed from a patient suffering from cancer and the 
marrow purged by treatment with the ligand-toxin conjugate 
or fusion protein. Following treatment, the marrow is 
infused back into the patient (see, e.g., Ramsay et al., 1988, 
J. Clin. Immunol. 8:81-88). 

For in vivo uses, the present invention provides a method 
for selectively killing cells, i.e., tumor cells, expressing the 
antigen that specifically binds the ligand, or functional 
equivalent of the ligand-toxin conjugate or fusion molecule. 
This method comprises reacting the recombinant toxin con 
jugate or fusion molecule with the tumor cell by adminis 
tering to a subject a pharmaceutically effective amount of a 
composition containing at least one ligand-recombinant 
toxin conjugate or fusion molecule of the present invention. 

In accordance with the present invention, the subject may 
be human, equine, porcine, bovine, murine, canine, feline, 
and avian. Other warm blooded animals are also included 
within the scope of the present invention. 
The claimed invention also provides a method of inhib 

iting the proliferation of mammalian tumor cells. This 
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method comprises contacting the mammalian tumor cells 
with a proliferation inhibiting amount (i.e., effective 
amount) of a tumor targeted recombinant toxin joined to a 
ligand specific for a tumor-associated antigen so as to inhibit 
proliferation of the mammalian tumor cells. 
The following examples are presented to illustrate the 

present invention and to assist one of ordinary skill in 
making and using the same. The examples are not intended 
in any way to otherwise limit the scope of the invention. 

EXAMPLE 1 

Purification of Bryodin 1 from Bryonia dioica 
This example describes the preparation of total protein 

from the root of Bryonia dioica and the separation of the 
ribosome-inactivating proteins, including the novel protein 
bryodin 1. 

Bryonia dioica roots (Poyntzfield Herb Nursery, Ross 
shire, Scotland) were cleaned, peeled, shred and homog 
enized using a Waring blender in phosphate-buffered saline 
(PBS, 1 liter PBS:550 g root material). The slurry obtained 
was stirred for 16 hours at 4 C. and strained through 
cheesecloth. After removal of the plant material, the filtrate 
was centrifuged at 15xg for 15 minutes at 4°C. to remove 
large particles and then centrifuged a second time at 50xg 
for 20 minutes to clarify. The supernatant was then filtered 
through a sterile 0.22 micron filter and dialyzed versus 5 
mM sodium phosphate buffer, pH 6.5. 

Plant proteins were then separated on the basis of their 
charge and size using a five-step procedure. First, the 
dialyzed root extract was applied to a CM-Sepharose col 
umn (Pharmacia, Uppsala, Sweden), equilibrated to 5 mM 
sodium phosphate pH 6.5. Proteins were eluted from the 
column using a salt gradient of 0 to 0.3M NaCl. Second, 4 
ml fractions were collected and the optical density of the 
effluent was monitored at 280 nm (FIG. 1). The chromatog 
raphy fractions were then evaluated by electrophoresis. 
Fifteen ul aliquots of each collected fraction were added to 
SDS-PAGE sample buffer, boiled at 100° C. for 5 min. and 
separated on 4–12% SDS-PAGE gradient gels (Laemmili, 
1970, Nature 227:680-685). The gels were then stained with 
Coomassie blue to resolve the separated proteins (FIG. 2). 

In the third step of the purification, fractions 9 through 15 
which contained a 29 kDa protein band were pooled and 
then concentrated to a volume of less than 8 ml using a 
Centriprep 10 (Areicon, Bedford, Mass.). The fourth step 
was to apply the concentrate to a size-exclusion column 
TSK-3000 (TosoHaas, Inc., Philadelphia, Pa.) and then to 
elute the plant proteins isocratically. Three ml fractions were 
collected and the eluate was monitored at 280 nm (FIG. 3). 
Following size-exclusion chromatography, the fifth step in 
the purification process was to analyze the fractions by 
SDS-PAGE as described above, except that a 12% SDS 
PAGE gel was used. Proteins were resolved by Coomassie 
blue staining. Two discrete protein bands migrating at 29 
kDa and 27 kDa were observed in the peak fractions 58 
through 64 (FIG. 4). These fractions were pooled separately 
and this material was used for further characterization. 

EXAMPLE 2 

N-Terminal Amino Acid Sequence Analysis of 
Bryodin 

In this example, the N-terminal amino acid sequence of 
the 29 kDa proteins contained in the pooled fractions was 
determined. The first 32 amino acid residues of the 29 kDa 
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protein band was unambiguously determined and was found 
to be identical to the bryodin (bryodin 1 ) described by 
Stirpe. 

N-terminal amino acid sequence was determined by using 
the following methods which are briefly described. The 
protein band was individually recovered from SDS-poly 
acrylamide gels by electroblotting onto a Problott membrane 
(Applied Biosystems, Foster City, Calif.) using a Mini 
transblot Electrophoretic Transfer Cell (Bio Rad Laborato 
rics, Richmond, Calif.) (Matsudaira, 1987, J. Biol. Chem. 
262: 10035-10038). The membrane was stained with Coo 
massie brilliant blue, then destained, and the 29-kDa band 
was excised for subsequent amino terminal sequence analy 
S1S. 

The sample was sequenced in a pulsed liquid phase 
protein sequencer (Model 476A, Applied Biosystems) 
equipped with a vertical cross-flow reaction cartridge using 
manufacturer's released cycle programs. Phenylthiohydan 
toin amino acid derivatives were analyzed by reversed-phase 
HPLC with a PTHC 18 column (Applied Biosystems) using 
sodium acctate/tetrahydrofuran/acetonitrile gradient for elu 
tion (Tempst and Reviere, 1989, Anal. Biochem. 
183:290-300). Data reduction and quantitation were per 
formed using a Model 610A chromatogram analysis soft 
ware (Applied Biosystems). 
The amino-terminal amino acid sequence of BD1 was 

performed with 47 pmoles (based on the initial yield of 
idcntified Val-1), electroblotted onto Problott membrane. A 
single amino acid sequence was obtained and unambiguous 
identification of PTH-amino acid derivatives was possible 
up to residue 32 (Seq. I.D. #1). 

EXAMPLE 3 

cDNA Cloning of Bryodin 1 
In this example, total RNA from Bryonia dioica leaf was 

used for the cDNA cloning of Bryodin 1. Briefly, total RNA 
was extracted from 2.1 g of leaf material using TRI reagent 
(Molecular Rescarch Center, Inc., Cincinnati, Ohio) as per 
manufacturer's protocol. Frozen leaves were pulverized, 
solubilized in TRI reagent and homogenized. The RNA was 
extracted with chloroform, precipitated with isopropanol 
and washed in ethanol. The resulting total RNA was resus 
pended in HO, quantitated and analyzed by electrophoresis 
in formaldehyde-agarose gels and visualized by staining 
with ethidium bromide. Approximate yield was 0.9 mg total 
RNA/g of leaf material. 

Oligo (dT)-primed cDNA (using total RNA as template) 
was amplified by PCR using degenerate oligonucleotide 
mixtures, BD1-p20 (Seq. ID#3) and BD1-p22 (Seq. ID#4), 
to isolate exact BD1 sequence between amino acids 7 and 
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30. The products of the PCR reaction were subcloned into 
the vector pCRII (Invitrogen Corp., San Diego, Calif.), as 
per manufacturer's protocol using the TA cloning kit. 
Briefly, the PCR amplified products containing 3' single 
deoxyadenosines were ligated into the pCRII vector pre 
pared with 3'dT overhangs at the EcoRI site. The ligation 
product was transformed into DHS5o, E. coli cells (Sam 
brook et al., 1989, Molecular Cloning, A Laboratory 
Manual, 2nd Ed., Cold Spring Harbor Laboratory, N.Y.). 
Recombinant clones were selected for DNA sequence 

analysis based on the presence of 100-120 base pair (bp) 
inserts, as determined by agarose gel electrophoresis (Sam 
brook et al., supra). DNA sequencing (Sanger et al., 1977, 
Proc. Natl. Acad. Sci. 74,5463) was performed by dideoxy 
nucleotide termination using Sequenase (United States Bio 
chemical Corp., Cleveland, Ohio). One clone containing the 
correct nucleotide match to the amino-terminal sequence of 
BDI was identified following sequence analysis of 81 
individual clones. 

The 3' end of the BD1 gene was amplified by 3' RACE as 
follows: following first strand cDNA amplification of total 
RNA with oligonucleotide XSC-T17 (Seq. ID#9) and-XSC 
(Seq. ID#10), and cloned into pCRII is described above. 
Clones containing BD1 sequences were selected by hybrid 
ization on nylon filters probed with 'P)-labeled BD1-Ex4 
(Seq. ID#6), an oligonucleotide having the exact nucleotide 
sequence of the region of the BD1 gene located downstream 
of the PCR primer BD1-Ex2. Two clones were identified by 
DNA sequencing that encoded the BD1 gene open reading 
frame. 

To identify the exact 5' end of the BD1 gene, 5' RACE was 
performed using the 5' RACE System (Gibco BP, L, Gaith 
ersburg, Md.) as per manufacturer's protocol. Briefly, first 
strand cDNA was synthesized using the oligonucleotide 
primer BD1-Full (Seq. ID#7), tailed with dCTP, and the 
resultant first strand was PCR amplified with oligonucle 
otide primers BD1-p2 (Seq. ID#8, encoding amino acid 
residues 26-36) and AP (Seq. ID#11, encoding poly-G 
adaptor primer that binds to the poly-C tail). The resulting 
amplified DNA fragments were subcloned into plasmid 
pCRII as described above. BD1 encoding clones were 
selected by hybridization on nylon filters probed with 'P) 
-labeled BD1-Ex2 (Seq. ID#5). Two positive clones were 
selected which contained cDNA encoding BD1, pCRII BD1 
c1.1 and pCRII BD1 c1.6 for DNA sequencing. The com 
plete DNA sequence encoding BD1 is shown in FIG. 5. 
The oligonucleotides used in the cDNA cloning BD1 were 

as follows, with sequences in brackets denoting nucleotide 
degeneracy and the sequences in parentheses denoting the 
corresponding amino acid sequence. 

BD1-20 5'-CCTAGCCCATGGATGTTGAGCTTCTCGTTT-3' (Seq. ID #3); 
(residues 1-6: AspValSerPhearg leu); 

BD1-22 5'-CCTAGCGAATTCCTACG)AGAGGGTATIGATTGTAGCAC-3' (Seq. I.D. #4); 
(residues 31-36: WalTyrasnileProLeu); 

BD-Ex2 5'-TTATCAGGTGCTACAACCACATCC-3' (Seq. ID#5); 
(residues 6-13: LeuSerGlyAlaThrThrThrSer); 

BD-Ex4 5'-GAAGCTCTTCCATACGAAAGG-3' (Seq. ID#6); 
(residues 23–29: Glu Ala LeuProTyrCluArg); 

BD1-Full 5'-CAAAGATCCTCTGAATTCTTACTATATACCATAAAGTCCATGT (Seq. ID#7); 
TCAAAGCCGATGAGTGTCATAGAAATGTCCTC-3' 
(Residues 251-267: 
GluAspIleSerMet ThrLeulleglyPheGluhisGlyLeuTyrglyIle); 

BD1-p2 5'-GAGAGGTATGTTGTAGACTTTCCT-3' (Seq. ID#8); 
(Residues 29–36: ArgLysValTyrasnileProLeu); 
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-continued 

XSCT17 5'-GACTGGAGTCGACATCGATTTTTTTTTTTTTTTTT-3' 
XSC 5'-GACTCGAGTCGACATCG-3' 
AP 5'-GGCCACGCGTCGACTAGTACGGGIGGGIGGGIG-3' 

EXAMPLE 4 

Construction of Expression Plasmids and 
Expression of Recombinant BD1 

In this example, two plasmids (pSE 14.0 and pSE 13.0) 
were constructed which encoded and expressed recombinant 
bryodin 1 (rBD1F1 and rBD1F2, respectively). Also, in this 
example, bryodin l expressed by the plasmids was purified 
and demonstrated to inhibit protein synthesis. 

Briefly, pSE13.0 was constructed as follows. The cDNA 
sequence encoded by plasmid pCRII BD1 c1.1 was used to 
PCR-amplify a 770 bp DNA fragment with primer 1. 
5'-GTCAGAGTTCCATGGATGR 
GAGCTTTCGTTTATCAGGTGCTAC AACCA 
CATCCTAT3' (Seq. ID#12); 

and primer 2 
5'-CAAAGATCCTCTGAATTCTTATTATG 
CAATATTATTTCTGTTAG CAGCAA-3' (Seq. 
ID#13). 

The 5' PCR primer (primer 1 was designed to encode a 
unique Ncol restriction site adjacent to an ATG initiation 
codon and the first 14 codons of the BD1 gene. The 3' PCR 
primer (primer 2) was designed to anneal to the last 9 codons 
of the BD1 gene corresponding to the carboxyl terminus of 
the mature BD1 protein. The 3' primer also contains two 
consecutive stop codons followed by an EcoRI restriction 
site. 

After PCR-amplification and digestion with NcoI and 
EcoRI, the 747 bp NcoI-EcoRI fragment was ligated into a 
5465 bpNicol-EcoRI vector fragment prepared from plasmid 
pET22b (Novagen, Madison, Wis.) which is under the 
transcriptional control of the T7 promoter. The product of 
this ligation was an intermediate vector designated pSE10.0 
which contained the T7 promoter, the PelB leader sequence, 
and the cDNA sequence encoding BD1. 
The expression vector pSE13.0, containing the cDNA 

sequence encoding BD1 without the PelB leader sequence 
was constructed by digesting expression vector pSE10.0 
with the restriction enzymes Xbal and NcoI. Following 
digestion, the 6106 bp fragment was ligated with the oligo 
duplex formed by the annealing of primer 3 and primer 4. 

primer 3 5'-CTAGAGAAATAATTTTGTTTAACTT. 
TAAGAAGGAGATAC-3' (Seq. ID#14); 

primer 4 5'-CATGGTATCTCCTTCTTAAAGTTAAA 
CAAATTATTT-3' (Seq. ID#15). 

The plasmid pSE14.0 was constructed similarly to pSE13.0. 
The cDNA sequence encoded by plasmid pCRII BD cl. 1.1 
was PCR amplified with primer 1 (Seq. ID#12) and primer 
5. 
primer 5 
5'-CAAAGATCCTCTGAATTCTTAC 
TATATACCATAAAGTCCATGT TCAAAGCCGAT. 
GAGTGTCATAGAAATGTCCTC-3' (Seq. ID#16). 

The 3' primer (primer 5) encodes a unique EcoRI restriction 
site and anneals to the last 17 codons of the BD1 gene 
corresponding to the carboxyl terminus of the full BD1 
protein. The 3' primer also contains two stop codons prior to 
the EcoRI site. After PCR amplification and Ncol-EcoRI 
digeston, the 807-bp fragment was ligated into pET22b 
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(Seq. ID#9); 
(Seq. ID#10); 
(Scq. ID#11) 

exactly as described for pSE13.0, resulting in the interme 
diate plasmid pSE11.0. The PelB leader sequence of 
pSE11.0 was removed exactly as described for pSE13.0 
yielding the expression plasmid pSE14.0 encoding the full 
BD1 form (BD1F1). The expression plasmid pSE14.0 was 
deposited with the AmericanType Culture Collection, 12301 
Parklawn Drive, Rockville, Md. 20852, under the terms of 
the Budapest Treaty May 17, 1994, and designated ATCC 
69620. 

Expression from each plasmid pSE14.0 and pSE13.0 was 
carried out in one liter cultures of E. coli BL21 (WDE3) 
grown in T broth supplemented with 50 pg/ml ampicillin to 
Asso-0.6-0.8 and the induction with IPTG (1 mM) for 1.5 
hours at 37° C. Cell pellets were collected by centrifugation 
and were processed by one of two methods. In the first 
method, the cells were lysed in 10 mM Tris, pH 7.4, 100 mM 
KCl, 20 mM EDTA, 10 mM 2-mercaptoethanol, 0.05% 
NP-40 and 5 mg lysozyme/liter of culture for 30 minutes on 
ice. The cell suspensions were then freeze/thawed three 
times, sonicated and centrifuged at 15,000 RPM for 30 
minutes. In the second method the cell pellet was resus 
pended in 20% sucrose, 30 mM Tris HCl pH 7.5 and 1 mM 
EDTA on ice for 10 min. and centrifuged at 8,000 RPMs for 
15 minutes. The pellet was resuspended in ice cold HO for 
10 min. and centrifuged as above. The pellet (or sphero 
plasts) was resuspended in 50 mM Tris-HCl (pH 8.0) and 1 
mM EDTA, sonicated and centrifuged at 30K for 45 min 
utes. Pellets collected by both methods were then dissolved 
in 7M guanidine HCl, 100 mM Tris, pH 7.4, and 1 mM 
EDTA for 1 hour, sonicated and centrifuged at 25,000 RPM 
for 30 minutes. 
The denatured recombinant bryodin 1 (BD1) protein 

expressed and isolated from pSE 13.0 or pSE14.0 was 
refolded in 0.4ML-arginine PBS, and 70 mM guanidine HCl 
at a concentration of 80 pug/ml protein at 4°C. for >24 hours. 
The protein was extensively dialyzed against 5 mM 
NaH2PO and isolated by CM-sepharose (weak-cation 
exchange) chromatography using a 0-0.3M NaCl gradient. 
Recombinant BD1F1 and BD1 F2 were analyzed by SDS 
PAGE and Western blot analysis using a rabbit anti-BD1 
polyclonal antibody and was compared to native BD1 
(FIGS. 7 and 8). 

Activity of the recombinant BD1 purified by both harvest 
methods 1 and 2 was tested in the cell-free rabbit reticulo 
cyte assay (Promega Biotec, Madison, Wis.) which follows. 
Briefly, toxin proteins were mixed in a volume of 25 ul with 
rabbit reticulocyte lysate (70% of reaction volume), a mix 
ture of all amino acids (minus leucine) at 1 mM, 0.5 mCi/ml 
H-leucine), and Brome Mosaic Virus RNA (Shih et al. 

1973. Proc. Natl. Acad. Sci. USA 70:1799-1803) as sub 
strate (0.5 ug). The reaction was incubated at 30° C. for 30 
min. and terminated by adding 1M NaOH, 2% HO. The 
translation product was precipitated using ice-cold 25% 
trichloroacetic acid (TCA), 2% casamino acids on ice for 30 
min. The radiolabeled proteins were collected on glass fiber 
filters, rinsed with 5% TCA, rinsed with ethanol, dried, and 
quantitated using a scintillation counter. Recombinant BD1 
isolated by both harvest methods were found to be potent 
inhibitors of protein synthesis and essentially equivalent to 
that of native BD1, with ECso values of 3-4 pM (FIG. 9). 
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( 1) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 16 

(2) INFORMATION FOR SEQ ID NO:1: 

5,541,110 

SEQUENCE LISTING 

( i) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 1094 basc pairs 

( 

(B) TYPE; mucicic acid 
( C ) STRANDEDNESS: single 
(D) TOPOLOGY: incar 

i ) MOLECULETYPE: cDNA 

) HYPOTHETICAL: NO 

) ORIGINAL SOURCE: 

( x i 

CAT CGAAA 

CCTT T. GGTT G 

CT T C C GT TT A 

A G C T CTT C CA 

TT CAG GA CGC 

A G TAGAC GTA 

CAA CGA GGCT 

GA CGCT T C CA 

AAA TAT T C CA 

CGC CA GT T. CT 

GT AT AAA TTT 

A G CAA CTATT 

TAC CAATAAT 

CT CTA AACC 

AAATAATA TT 

A CT TTA T G GT 

CAA CT G TT G 

TAT CTAC GT T 

TATAAAAAAA 

( A ) ORGANISM: Bryonia dioica 

T CAT CAAG AC 

CTA AT T C T CA 

T CAG G T G CTA 

TAC GAAAG GA 

TACA CATT AC 

A CAAA CGT CT 

T CAG CAA CAG 

TATT CAG G CA 

CT T G GAC T C C 

G CG GCT. T. CTG 

A T GAA CAA C 

A GT T G GAAA 

G GACAATTT G 

AA T G CTA GTG 

G CAGCC AT TG 

A TATA G T G T A 

TT CTT CGAGA 

AATT CT G T CT 

AAAA 

( 2) INFORMATION FOR SEQID NO:2: 

) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

T GAATTGAAA 

C CATA TT CCT 

CAAC CA CATC 

A. A G T G T A CAA 

T C CAT CT CAC 

ATA TT A T G G G 

A A G C T G CAA A 

ATTAC GAA AG 

CA G CTTT G GA 

CA CT T C T T G T 

AAA TT G GAAA 

ATA AT T G GT C 

A GA GT C C T GT 

C T CGA GT TGT 

GAGA GGA CAT 

A GT TT AAA GC 

GGTTA A CT A 

GT T G T T G T T G 

( ; ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 290 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: lincar 

( i i ) MOLECULE TYPE: protein 

( v ) FRAGMENT TYPE: N-terminal 

v i ) ORIGINAL SOURCE: 
( A ) ORGANISM; Bryonia dioica 

( x i ) SEQUENCE DESCRIPTION: SEQID NO:2: 

GA GT AAA AAA 

CAAAT C T C CA 

CTA T G GA GT T 

TATAC CGCTA 

AAA TT ACGC G 

GT A T C T T GCC 

At t c G T A TTC 
G CTT CAA ACT 

CA GT GCC AT T 

A CT CATT CAA 

G C G T G TAGAC 

T G C T C T G T C C 

T G T G CT TATA 

AA C C T C CAA C 

TT CTAT GACA 

TA T G GA CAAG 

C T G T ATAAA 

CTT T. AAATAA 

AAAA T G AT CA 

A CT G T T G A G G 

TT CAT TAAAA 

T TAC GT T CAA 

GA T G AAA C CA 

G G T G A T G T GT 

AAA GA T G CTA 

GCT G CAG GAA 

A C C ACT TT GT 

T C C A CG G CTG 

AAAACTTTTT 

AA G CAAATTC 

GA T G GTA ACA 

A TAG CGT. T. GC 

CT CAT CGG CT 

CA CAAA C T C C 

TAAA GAA T GT 

TAAA AA GT GT 

18 

AA TT G T TA GT 

G CGA T G T TAG 

A T C T G A GAGA 

GT AT TT CAGG 

T C T C A G T G GC 

CCTAT TT TT T. 

A GAAAAAA GT 

AAATAAG A GA 

AT TACT ACAC 

AAT C T G CAAG 

TAC CAA GTTT 

AGAT AGCCA G 

A C CAA CGA GT 

T G CT AAA CAG 

TTGAAC A T G G 

A C C T GAA GAA 

T CAT G T GAT C 

GGA GT CCTT C 

60 

1 20 

1 80 

24 O 

3 O 0 

3 60 

4 2 0 

48 0 

5 4 0 

60 0 

6 60 

7 20 

7 8 0. 

8 40 

9 0 0 

9 6 O 

1 () 20 

1 0 80 

1 O 9 4 
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-continued 

( i i ) MOLECULETYPE: cDNA 

( x i ) SEQUENCE DESCRIPTION: SEQED NO:4: 

C CAC GAA. T C CTAS A GAG GKAT R T G T A SAC 33 

( 2) INFORMATION FOR SEQID NO:5: 

( i) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH:24 basc pairs 
(B) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: cDNA 

( x i ). SEQUENCE DESCRIPTION: SEC ID NO:5: 

A CA. GGG CTA CAA C CAC ATCC 2 4 

( 2) INFORMATION FOR SEQID NO:6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A LENGTH: 21 base pairs 
( B, ) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: incar 

( i i ) MOLECULETYPE: cDNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

GAA G C. CT C CATA CGA. AAG G 2 

( 2) INFORMATION FOR SEQ ID NO:7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A LENGTH: 75 base pairs 
(B) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
(D) TOPOLOGY: incar 

i i ) MOLECULETYPE: cDNA 

( xi ) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

CAAA GA C C C GAA. T. CTT ACTATA ACC ATAAA GT C C A T G T CAA A G C C G A T G A G T GT 6 O 

CAT AGAAA T G T C C C 7 5 

( 2) INFORMATION FOR SEQID NO:8: 

( i) SEQUENCE CHARACTERISTICS: 
( A LENGTH: 24 base pairs 
( B, ) TYPE: nuccic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: cDNA 

( x i.) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

GAGAG. GTA T G T G TAG ACT T T C C 2 4 

( 2) INFORMATION FOR SEQ ID NO:9: 

( i) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 basc pairs 
(B) TYPE: nucleic acid 
(C)STRANDEDNESS: single 
(D) TOPOLOGY: incar 

( i i ) MOLECULE TYPE: cDNA 
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-continued 

( x i ) SEQUENCE DESCRIPTION: SEQID NO:9: 

GAC T CGA GT C GA CAT CGATT TTTTTTTTTT TT TT T. 

(2) INFORMATION FOR SEQID NO:10: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 17 base pairs 
(B) TYPE: nucleic acid 
(C)STRANDEDNESS: singlc 
(D) TOPOLOGY: lincar 

( i i ) MOLECULETYPE: cDNA 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:10: 

GA C T C GA GT C G A CA TCG 

( 2) INFORMATION FOR SEQID NO:11: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 basc pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: cDNA 

( i x ) FEATURE: 
(A) NAME/KEY: misc ?cature 
(B) LOCATION: 23.24 
( D.) OTHER INFORMATION:/noc="N represcnis inosine 

( ix) FEATURE: 
(A) NAME/KEY: misc ?calurc 
(B) LOCATION: 24.25 
( D.) OTHER INFORMATION:/notc="N represcnts inosinc 

( i x ) FEATURE; 
(A) NAME/KEY: misc ?caturc 
(B) LOCATION: 29.30 
( D.) OTHER INFORMATION: inotc="N represcnts inosinc 

( i x ) FEATURE; 
(A) NAME/KEY: misc feature 
(B) LOCATION: 30.31 
( D.) OTHER INFORMATION: notc="N represcints inosinc 

( i x ) FEATURE: 
(A) NAME/KEY: misc ?cature 
(B) LOCATION: 34.35 
( D.) OTHER INFORMATION: ?noc="N represcnts inosinc 

( i x ) FEATURE: 
(A) NAME/KEY: misc ?caturc 
(B) LOCATION: 35.36 
(D) OTHER INFORMATION: Inoic="N rcprescnts inosine 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:11: 

G G CCA C GC GT CGA CTA GTAC GGGN N G G GN N G G GNN G 

( 2) INFORMATION FOR SEQID NO:12: 

( i) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 56 basc pairs 
(B) TYPE: nuclcic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: lincar 

( i i ) MOLECULETYPE: cDNA 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:12: 

GT CAGA GT T C CAT G GAT G T G A G CTTT CGT T TAT CAG G T G C T A CAA CCA CA. T C CTAT 
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-continued 

( 2) INFORMATION FOR SEQID NO:13: 

( i) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 50 base pairs 
(B) TYPE: nuclcic acid 
(C)STRANDEDNESS: single 
(D) TOPOLOGY: incar 

( i i ) MOLECULETYPE: cDNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:13: 

CAAA GAT C C T C T GAA TT CTT ATTA T G CAAT AT TA TT C T G T TAG CAG CAA 

( 2) lNFORMATION FOR SEQID No:14: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 37 base pairs 
(B) TYPE: nucleic acid 
(C)STRANDEDNESS: single 
(D) TOPOLOGY: lincar 

( i i MOLECULETYPE: cDNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:14: 

CT AGAAA TAA TTE T G TE TAA CTT TAAGAA G GAGA TAC 

( 2) INFORMATION FOR SEQ ID NO:15: 

( i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 37 basc pairs 
(B) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
(D) TOPOLOGY: incar 

( i i ) MOLECULETYPE: cDNA 

( x i ) SEQUENCE DESCRIPTION: SEQID NO:15: 

CAT G G T A T C T C CTT CT TAAA GT TAAA CAAA AT TAT TT 

( 2) INFORMATION FOR SEQED NO:16: 

( i) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 75 basc pairs 
(B) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D TOPOLOGY: incar 

( i i ) MOLECULETYPE: cDNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:16: 

CAAA GAT CCT CT GAA TT CTT ACTATA TACC AT AAA GT C C A T G TT CAA A G C CGA T GA GT GT 

CAT AGAAA T G T C C T C 

50 

37 

37 

6 () 

7 5 

We claim: 
1. An isolated oligonucleotide sequence encoding a ribo 

some-inactivating protein from Bryonia dioica, the protein 
comprising the amino acid sequence of Sequence ID#2, or 
a complement of the oligonucleotide sequence. 

2. The isolated oligonucleotide sequence of claim 1 
comprising the nucleotide sequence of Sequence ID#1 from 
nucleotide number 44 to nucleotide number 913. 

3. The isolated oligonucleotide sequence of claim 1 
consisting of the nucleotide sequence of Sequence ID#1 
from nucleotide number 113 to nucleotide number 913. 

4. A recombinant vector comprising an oligonucleotide 
sequence encoding a ribosome-inactivating protein from 
Bryonia dioica, the protein comprising the amino acid 
sequence of Sequence ID#2. 

5. The recombinant vector of claim 4 further comprising 

55 

60 

65 

transcriptional and translational control sequences operably 
linked to the oligonucleotide sequence encoding the ribo 
some-inactivating protein. 

6. The recombinant vector of claim 4 wherein the vector 
is pSE14.0 as designated ATCC 69620. 

7. A host cell transfected with a recombinant vector of 
claim 4. 

8. A host cell transfected with a recombinant vector of 
claim 6. 

9. An isolated oligonucleotide sequence encoding a ribo 
some-inactivating protein from Bryonia dioica, the protein 
consisting of the amino acid sequence of Sequence ID#2 
from amine acid residue number 24 to amine acid residue 
number 290, or a complement of the oligonucleotide 
Sequence. 

10. The isolated oligonucleotide sequence of claim 9 
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wherein the nucleotide sequence encodes a biologically 11. The isolated oligonucleotide sequence of claim 10 
active fragment of bryodin 1 which inhibits protein synthesis consisting of the nucleotide sequence of Sequence ID#1 
in vitro, the fragment consisting of amino acid residue from nucleotide number 113 to nucleotide number 853. 
sequence of Sequence ID#2 from amine acid residue number 
24 to amino acid residue number 271. :: k < * :k 


